Nitric oxide synthase activity reveals an asymmetrical organization of the frog habenulae during development: A histochemical and cytoarchitectonic study from tadpoles to the mature Rana esculenta, with notes on the pineal complex.
In the adult frog, structural asymmetry of the left dorsal habenula in respect to the right counterpart has been repeatedly documented in previous studies. In the present investigation, histochemical expression of beta-nicotinamide adenine dinucleotide phosphate (NADPH)-diaphorase activity was examined in the habenulae of the developing and adult Rana esculenta. In tadpoles and during metamorphosis, selective neuropil staining was consistently found within a lateral compartment of the medial subnucleus of the left dorsal habenula. The staining was still present in the same location, but much less intense, in the mature frog, indicating that the neurochemical pattern observed during development was at least in part transient. Thus, the present data point out a peculiar neurochemical pattern of the habenular asymmetry in the frog, suggesting that nitric oxide may be involved in the developmental shaping which leads to an asymmetrical configuration of the habenulae. In addition, NADPH-diaphorase-positive cells were detected in the frontal organ (the extracranial component of the pineal complex in strict relationship with the habenulae in the frog), and labeled fibers were found in the frontal nerve, which arises from the frontal organ. This latter finding supports the postulated relationship of the habenular asymmetry with the occurrence of the frontal organ. The finding of NADPH-diaphorase histochemical reactivity confined to a distinct portion of the medial subnucleus of the left dorsal habenula prompted a reexamination of the cytoarchitecture of the developing and mature habenular complex in the frog. The bicompartmentalization detected with histochemistry in the medial subnucleus of the left dorsal habenula of the developing and adult frog was fully supported by the study of Nissl-stained epithalamic sections. These data point out that the left-right structural differences of the frog habenular complex are more complex than previously believed, and may be subserved by chemically regulated developmental processes.